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Abstract
Forest roads should be constructed to provide economic wood transport routes while causing 
minimal environmental impact. Therefore, the extended use of local materials (soil, stone) is 
essential. As cohesive soils cannot be drained by gravity and saturated cohesive soils have low 
bearing capacity, their use as a building material raises problems. This issue can be solved by 
lime stabilizing the soil. An experimental road was constructed to evaluate the effect of lime 
stabilized cohesive soil on the pavements built on top of it. Nine pavement versions were built 
on three different thickness (15, 25 and 35 cm) of lime stabilized soil. A traditional pavement 
without lime stabilization was also built for comparison. The bearing capacity of the stabilized 
layers and the finished pavements were calculated. The long term performance of the pavements 
was tested by measuring the effect of artificial traffic on their bearing capacity. Results showed 
that the bearing capacity modulus of the lime stabilization was around 500 MPa. 25–35 cm of 
lime stabilization under the pavements was necessary for good long term performance. 35 cm 
thickness of the stabilized local soil was enough to withstand the applied traffic without serious 
damage. Therefore, lime treated cohesive soil can be recommended as a subgrade layer in for-
estry conditions.





















not consider stabilized local soil as a bearing layer in 
the	pavement	design	process.	Stabilizations	are	con-
sidered	only	as	soil	 improvement	methods.	 It	was	
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In	Hungary	 an	 experimental	 road	was	 built	 to	


























































therefore,	 they	 cannot	 support	 pavement	 courses.	
Among	temperature	conditions	in	the	tested	area,	frost	
and	thaw	and	their	periodic	alternation	are	of	essential	






















Fig. 1 Cross section template
J. Péterfalvi et al. Evaluation of the Effect of Lime-Stabilized Subgrade on the Performance ... (269–282)






























The	production	 line	finished	 the	 lime	 stabilization	
with	three	different	thicknesses	and	a	width	of	3.50	m	
in	three	hours.









Fig. 2 Pavement versions
Fig. 3 Soil milling machine
Evaluation of the Effect of Lime-Stabilized Subgrade on the Performance ... (269–282) J. Péterfalvi et al.











which	 nearly	 equals	 the	 tire	 pressure	 of	 big	 trucks 
p=0.7	MPa.	More	details	about	analytical	sizing	of	elastic	
pavements	can	be	read	in	the	work	of	Bocz	et	al.	(2009).
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Fig. 4 Model of flexible pavements
Fig. 5 Diagram by Burmister (1945) for two layer systems
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2.4.3 Defining the modulus of granular layers



















( ) ( ) ( )( )2 1 2 1 21 10.52 log 2.10 log logE E H E H= × + × − × ×
	 	 	 	 	 	 	(5)
To	gravel	foundations,	mechanical	stabilization:
( ) ( ) ( )( )2 1 21 7.18 log 1.56 log log2 1E E H E H= × + × − × ×







2.5 Static and dynamic load bearing capacity 
measurement
The	multilayer	mechanical	model	 of	 the	 elastic	
pavements	requires	each	layer	to	be	taken	into	account	
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3. Results and discussion








formed	 in	 advance,	 an	 average	 of	 10	MPa	 bearing	
capacity	value	was	defined	on	the	subgrade.
3.2 Evaluation of the static and dynamic load 
bearing capacity measurements
After	building	the	lime	stabilization,	the	increase	
of	bearing	capacity	was	 studied	with	 two	 types	of	
model	effect	(static,	dynamic).	The	data	series	of	the	
Fig. 6 Characteristic vehicle of artificial traffic Fig. 7 Wheel load scaling
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Fig. 8 Artificial traffic on the experimental section
Table 1 Values of the moduli determined by plate bearing tests
Ver. Thickness of lime stabilization, cm
Bearing capacity E2, MPa
Earthwork Lime, 0 h Lime, 24 h Lime, 48 h
01 25 – – 34 45
02 25 – – 53 65
03 25 – – 53 53
04 35 – – 53 69
05 35 9 – 50 54
06 35 12 – 41 50
07 15 – 19 27 38
08 15 – 36 39 43
09 15 – – 37 45
10 None 10 – – –
MEAN 10 28 43 51
two	types	of	measurements	were	intended	to	define	
the	static	modulus	necessary	for	planning,	since	the	
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Table 2 Values of the moduli determined by dynamic bearing tests
Ver. Thickness of lime stabilization, cm
Bearing capacity Ed, MPa
Subgrade Lime, 0 h Lime, 24 h Lime, 48 h Lime, 120 h
01 25 11 24 34 39 50
02 25 12 41 55 60 66
03 25 15 36 55 62 74
04 35 12 52 68 72 74
05 35 10 24 47 52 54
06 35 9 24 40 45 50
07 15 8 26 35 43 55
08 15 10 32 46 51 65
09 15 11 22 33 36 42
10 None 10 – – – –
MEAN 11 31 46 51 59
Fig. 9 Values of dynamic and static bearing moduli measured on 
the same sites
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the	 favorable	and	unfavorable	 features	of	 the	 sub-
grade.











































Fig. 10 Increase of bearing capacity of lime stabilized layers as a function of time
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The	results	of	the	calculations	are	summarized	in	Table	
3.	It	can	clearly	be	seen	that,	in	the	case	of	the	control	
section,	 the	moduli	of	 the	granular	 layers	were	the	
lowest	because	of	 inappropriate	compaction	of	 the	
subgrade.	At	ver.	9	built	with	the	same	total	thickness	


















3.6 The effect of traffic on experimental road
According	to	the	deflection	measurements,	the	fol-

































statistic	 process	 of	 the	 deflection	measurements.	
The	failure	was	also	predicted	during	the	graphical	
Table 3 E moduli of granular layers by pavement versions
Ver.
Subgrade Granular layers
E, MPa H, cm E, MPa
1 50 25 170
2 50 15 120
3 50 15 120
4 60 0 0
5 60 2 0
6 60 15 160
7 40 15 120
8 40 15 120
9 40 30 150
10 10 45 60
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Table 4 Cost of traditional pavement and a pavement with lime stabilization
Traditional pavement Pavement with lime stabilization
Course thickness Material Cost, €/lm Course thickness Material Cost, €/lm
15 Sandy gravel 11.9 35 Lime stabilization 9.9
35 Crushed stone 27.7 15 Crushed stone 11.9
50 Total 39.6 50 Total 21.8
Fig. 11 Deterioration curves of experimental pavements based on central deflection data
Fig. 13 Left rutting on Finnish asphalt (Ver. 8)Fig. 12 Left rutting on AC 22 (Ver. 7)
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Fig. 14 Macadam pavement built on lime stabilization (Ver. 6)
Fig. 15 Unsurfaced lime stabilization (Ver. 5)
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